Liver is the primary source for collagen XVIII, the precursor of angiogenesis inhibitor, endostatin. However, the role of endostatin/collagen XVIII expression during liver carcinogenesis remains elusive. Therefore, we studied its expression in five hepatoma cell lines and 105 hepatocellular carcinoma specimens. The poorly differentiated hepatoma cell lines exhibited increased endostatin/collagen XVIII levels compared with the well-differentiated ones. In hepatoma tissues, endostatin/collagen XVIII expression was detected in various types of liver cells and was significantly stronger in adjacent nontumor tissues than that in tumors (Po0.001). Endostatin/collagen XVIII expression in nontumor tissues correlated with tumor stages (P ¼ 0.014) and expression of vascular endothelial growth factor (P ¼ 0.007), but not the stages of hepatic fibrosis (P40.05). Kaplan-Meier analysis showed that patients with higher endostatin/collagen XVIII expression had significantly shorter overall survival (P ¼ 0.011) and disease-free survival (P ¼ 0.0034). Moreover, endostatin/collagen XVIII level was an independent prognostic factor for tumor recurrence (P ¼ 0.034) by multivariate analysis. In conclusion, increased endostatin/collagen XVIII expression correlated with hepatoma progression and predicted poor prognosis for patients with hepatocellular carcinoma.
Hepatocellular carcinoma (HCC) is extensively vascularized and the occurrence of primary intrahepatic and lung metastases suggests its mainly hematogenous dissemination. Thus, angiogenesis plays a pivotal role during hepatic carcinogenesis. Angiogenesis may be the net result of a balance between the positive and negative regulators of neovascularization. Several angiogenic factors participated in HCC progression, including vascular endothelial growth factor (VEGF), [1] [2] [3] transformation growth factor-a (TGF-a), 4 insulin-like growth factor (IGF-II), 5 and hepatocyte growth factor. 6 However, liver is also a rich source for the precursors of many endogenous angiogenesis inhibitors such as thrombospondin, 7 angiostatin, 8 and endostatin. 9 Among these inhibitors, endostatin, a 20-kDa protein derived from carboxy (C)-terminal proteolytic fragment of collagen XVIII (C18), has attracted tremendous attention since its discovery because of its potency to inhibit neovascularization and tumor growth without inducing drug resistance in mice. 10, 11 The role of endostatin/C18 expression during liver cirrhosis or HCC progression remains controversial despite previous studies. [12] [13] [14] [15] In the present study, we analyzed endostatin/C18 expression in HCC cell lines as well as clinical specimens, thereby to delineate the involvement of endostatin/C18 expression in liver carcinogenesis.
Materials and methods

Characterization of Endostatin Antibodies
The endostatin complementary DNA (cDNA) was cloned by reverse transcription-polymerase chain reaction (RT-PCR) as previously described and confirmed by sequencing analysis. 16 The endostatin cDNA was subcloned into pET15b vector (Novagen Inc., Madison, WI, USA) and was transformed into BL-21 cells (DE3, pLysS; Novagen Inc.) for expression. The 6xHis-tagged endostatin was purified from induced bacteria cells by Ni-NTA-agarose (Qiagen, GmbH, Germany) and desalted by G25 Sephadex column (Amersham Pharmacia Biotech, UK). The endostatin antibodies were raised by periodic injection of endostatin into rabbits. The serum was collected from immunized rabbits and characterized prior to studies.
Cell Cultures and Transfection
Human hepatoma Chang liver, Hep3B, J5, Mahlavu, SK-Hep-1 cells, and Hela cells were cultured in DMEM media (Life Technologies, Rockville, MD, USA) in 5% CO 2 incubator. For expression in mammalian cells, endostatin cDNA was subcloned into pSecTagB vector (Invitrogen Life Technologies; Carlsbad, CA, USA), and transfected into Hela cells (1 Â 10 6 cells in six-well plate) using Lipofectamine (Invitrogen Life Technologies) following the protocol of the manufacturer.
Protein Extraction and Western Blot Analysis
Protein extracts were prepared from Mahlavu cells using stepwise extraction procedures as previously described: 17 (1) EDTA extraction with solution containing 10 mM EDTA, 1 mM PMSF, 1 mg/ ml aprotinin, 1 mg/ml leupeptin, 1 mg/ml pepstatin; (2) detergent buffer containing 50 mM Tris-HCl, pH 7.4, 1% NP-40, 0.25% sodium deoxycholate, 150 mM NaCl, 1 mM PMSF, 1 mg/ml aprotinin, 1 mg/ ml leupeptin, and 1 mg/ml pepstatin; (3) urea extraction using 8 M urea. The concentration of protein extracts was determined by Bradford assay. In all, 30 mg of protein was subjected to separation by SDS-PAGE and transferred onto polyvinylidene difluoride membranes (Immobilon-P, Millipore). The filter was blocked with 5% nonfat dry milk in TBST buffer containing 10 mM Tris, pH 7.5, 100 mM NaCl, and 0.1% Tween-20. Afterward, the filter was incubated with endostatin antibodies (1:500) for 1 h, then incubated with goat-anti-rabbit antibodies conjugated with horseradish peroxidase (1:2500 dilution) for 30 min and detected with chemiluminescence ECL kit (Amersham Pharmacia Biotech, UK).
Immunofluorescence
Hepatoma cells were plated on glass coverslips in a 24-well plate (1 Â 10 4 cells per well), fixed with 4% paraformaldehyde, permeabilized with 0.5% Triton X-100, and incubated with endostatin antibodies (1:100) for 1 h. Subsequently, cells were probed with FITC-conjugated secondary antibodies (1:2500; Molecular Probe; Eugene, OR, USA) for 30 min. The nucleus was stained by propidium iodide (1 mg/ml; Molecular Probe) as red fluorescence under a fluorescence microscope.
qRT-PCR
RNA was isolated from hepatoma cells or 10 HCC specimens with paired tumor and nontumor tissues using RNAzol (TEL-TEST Inc., Friendswoods, TX, USA). For reverse transcription, 5 mg of total RNA was used for reverse transcription with Superscriptase II (Life Technologies) using olio-dT and random primers. One twentieth of reverse-transcription products was used as template for real-time PCR in ABI Prism 7700 sequence detector (Applied Biosystems) using a SYBR green assay. PCR reaction was performed and the amplification and detection were performed by: 1 cycle of 951C for 10 min, 40 cycles of 951C for 15 s, and 621C for 20 s, and 721C for 15 s. After completion, a final melting curve was performed by denaturation at 951C for 15 s and then was recorded by cooling to 601C and then heating slowly until 951C for 20 min according to the dissociation protocol of the ABI7700 instrument. The primer sequences for endostatin/C18 were: forward primer 5 0 -gtgcccatcgtcaacctca-3 0 , reverse primer 5 0 -aaggagaagatgcgtgccc-3 0 , which amplified a 104-bp C18 cDNA fragment.
Enzyme Immunoassay
The endostatin levels in cultured media of hepatoma cells were determined by endostatin EIA kit (Accucyte, Cytimmune Science Inc., Ml, USA) following the manufacturer's instructions. The endostatin concentration was measured and expressed as mean7s.e.m. from triplicate data.
HCC Specimens
A total of 105 surgically resected HCC specimens were collected at the Kaohsiung Chang Gung Memorial Hospital from January 1986 to December 1997 as previously described. 18 The closing date of follow-up was December 31, 2002 . All the HCC specimens consisted of paired tumor and adjacent nontumor parts. The histological grades of HCC were divided into three groups based on the Edmondson-Steiner classification. The stages of HCC were classified according to the staging system by the International Union against Cancer with slight modification as described previously. 18 The hepatic fibrosis stages in nontumor tissues were determined by masson trichrome staining and divided into three groups for comparison: group 1 (fibrosis 0-1), group 2 (fibrosis 2-3), and group 3 (fibrosis 4: cirrhosis).
Immunohistochemistry and Scoring
The paraffin-embedded tissue blocks were sectioned into 4 mm slices and mounted on the poly-L-lysinecoated slides. After deparaffinization, the slides were blocked with 3% hydrogen peroxide for 10 min and subjected to antigen retrieval with microwave in 10 mM citrate buffer for 15 min. The endostatin antibodies (1:100 dilution) or VEGF antibodies (1:250; Santa Cruz; Santa Cruz, CA, USA) were applied onto the sections and incubated at room temperature for 30 min followed by repeated wash with phosphate-buffered saline (PBS). Horseradish peroxidase/Fab polymer conjugate (Polymer detection system, Zymed, USA) was then applied to the sections and the sections were incubated for 30 min. After rinsing with PBS, the sections were incubated with peroxidase substrate diaminobenzidine (1:20 dilution, Zymed) for 5 min. Thereafter, the sections were counterstained with Gill's hematoxylin for 2 s, dehydrated with serial ethyl alcohol, cleared with xylene, and finally mounted. The preimmune serum (1:100 dilution) from the rabbits was used as negative control of immunohistochemistry.
The labeling index for the intensity of C18 derivatives and VEGF staining was evaluated by two independent pathologists as 1, weak; 2, intermediate; 3, strong using normal hepatocytes as internal control. From an individual with traumatic internal bleeding, the putative normal liver tissue was collected by partial hepatectomy and used as a positive control for C18 staining with score 2 (data not shown). A stronger staining intensity than the positive control was defined as score 3 and a weaker staining was defined as score 1.
Statistical Methods
Comparisons between groups of related samples were assessed by the Wilcoxon paired-sample test. Comparisons between groups of independent samples were assessed by the Student's t-test, one-way ANOVA, the Mann-Whitney U-test or the Kruskal-Wallis test. The associations between categorical variables were assessed using the w 2 test or Fisher's exact test. The correlation between continuous variables was determined by Spearman's rank correlation test. Survival rates were calculated by the Kaplan-Meier methods and the difference in survival was compared with the log rank test. The influence of various features on overall or disease-free survival was assessed by the Cox's proportional hazard model. A P-value of less than 0.05 was considered statistically significant.
Results
Detection of Endostatin/C18 in Hepatoma Cells
Recombinant endostatin was purified to near homogeneity for generation of endostatin antibodies (Figure 1a) , which specifically detected a 20-kDa protein in cells transfected with endostatin expression plasmid but not vector or control (Figure 1b) . It was reported that endostatin and the proteolytic fragments of C18 could be extracted using various extraction agents. 18 We evaluated the specificity of endostatin antibodies by Western blot analysis using various extracts of hepatoma cells. In EDTA extract, endostatin antibodies specifically detected a 20-kDa protein (Figure 1c ), which had a molecular weight approximate to that of endostatin. Following subsequent detergent extraction, a 30-kDa protein, close to the size of NC1 domain, was identified ( Figure 1c) . In urea extract, several proteins of a size larger than 200 kDa, similar to that of C18, were detected ( Figure 1c ). These distinct protein bands could be effectively abrogated when absorbed into the antibodies with excess amount of endostatin (data not shown). In histological analysis, the immunostaining of endostatin antibodies was mainly localized in the cytoplasm of hepatocytes of liver tissues (Figure 3) , whereas the preimmune antibodies showed no detectable staining (data not shown). These results validated the specificity of endostatin antibodies for C18, and its proteolytic derivatives including endostatin in hepatoma cells thereby warranted their use in the subsequent histological studies. As endostatin antibodies did not differentiate endostatin from other C18 derivatives, the immunostaining in this study was considered to reflect the overall endostatin/C18 levels in tissues.
Increased Endostatin/C18 Expression in Poorly Differentiated Hepatoma Cells
The endostatin/C18 expression level was investigated in five hepatoma cell lines. The endostatin/ C18 mRNA levels were significantly elevated in poorly differentiated hepatoma cells such as Mahlavu and SK-Hep-1 cells compared with the well-differentiated Chang liver or Hep3B cells (Figure 2a) . Besides, the endostatin release in the cultured media of poorly differentiated hepatoma cells was higher than the well-differentiated ones (Figure 2b ). Immunofluorescence analysis also revealed stronger endostatin/C18 staining in poorly differentiated Mahlavu cells (Figure 2c ). 
Differential Endostatin/C18 Expression between Tumor and Nontumor Tissues in HCC
Immunohistochemical studies were performed to analyze endostatin/C18 expression in 105 surgically resected HCC specimens. The immunoreactivities of endostatin/C18 were mainly localized in the pericellular matrix and cytoplasm of hepatocytes in tumors and nontumor tissues (Figure 3) . Besides, endostatin/C18 immunostaining was found in sinusoidal endothelial cells, epithelial cells of bile duct, and newly formed blood vessels (supplementary data). These findings are consistent with previous reports. 15, 17, 19 There was a differential endostatin/C18 expression in HCC specimens that endostatin/C18 immunostaining was stronger in the nontumor tissues than that in HCC (Po0.001; Figure 3) . Besides, endostatin/C18 expression in nontumor tissues was positively correlated with the tumor stages of HCC (P ¼ 0.014; Table 1 ) but not the hepatic fibrosis stages or necroinflammatory grades of HCC specimens (P40.05; Table 1 ).
Correlation between Endostatin/C18 and VEGF Expression in HCC
The increased endostatin/C18 expression may modulate the angiogenic states of hepatoma. Thus, we analyzed the expression of angiogenic factor, VEGF, as an index for angiogenic states in HCC specimens. VEGF immunostaining was more prominent in hepatocytes of the nontumor tissues than that in the tumors (Figure 4) , which was similar to that of endostatin/C18. Besides, tissue VEGF levels were strongly correlated with tumor stages (P ¼ 0.001). Above all, there was a significant correlation between endostatin/C18 and VEGF expression in nontumor (P ¼ 0.007; Table 1 ) and tumor tissues (P ¼ 0.01) (Figure 4 ).
The Increased Endostatin/C18 Expression was Associated with Poor Prognosis of HCC Patients
As tumor stage and angiogenic states are critical factors for the survival outcome and tumor recurrence, the relation between endostatin/C18 expression and the prognosis of HCC patients after surgery was investigated. Kaplan-Meier analysis revealed that HCC patients with increased endostatin/C18 expression in nontumor tissues survived significantly shorter (P ¼ 0.011, Figure 5a ) and had a higher incidence of recurrence (P ¼ 0.0034, Figure  5b ) after surgery. The endostatin/C18 levels in tumor tissues only offered predictive value to the diseasefree survival (P ¼ 0.035), but not the overall survival of HCC patients.
The Labeling Index of Endostatin/C18 was a Prognostic Factor for Tumor Recurrence of HCC Patients
In Cox's hazard model, the endostatin/C18 levels in tumor and nontumor tissues were predictive factors Figure 4 The correlation between endostatin/C18 and VEGF expression in HCC specimens. The profiles of C18 and VEGF expression were taken from HCC specimens of different stages (I-IV). The staining intensities of endostatin/C18 and VEGF were strong in advanced HCC (stages III and IV). Besides, there was a significant correlation between C18 and VEGF expression. The photographs were taken at an original magnification of Â 200.
for tumor recurrence using univariate analysis (Table 2) . After adjustment with other parameters, multivariate analysis revealed that only endostatin/ C18 level in nontumor tissues was an independent prognostic factor for disease-free survival of HCC patients (P ¼ 0.034; Table 2 ).
Discussion
In the present study, we demonstrated for the first time that endostatin/C18 overexpression was associated with HCC progression from studies in hepatoma cell lines and clinical samples. Besides, in HCC specimens, the elevated endostatin/C18 level correlated with tumor stages (Table 1) and VEGF expression (Figure 4 ). Above all, the increased endostatin/C18 expression predicts poor survival outcome ( Figure 5 ) and represents an independent prognostic factor for tumor recurrence after surgery ( Table 2 ). These findings are consistent with recent observations of C18 upregulation in other types of cancer. [20] [21] [22] Increased endostatin/C18 expression was found in the nontumor tissues of colorectal and ovarian cancers. 20 Moreover, the tissue endostatin/C18 levels were higher in nontumor tissues and positively associated with malignancy grades in glioma 21 and non-small-cell lung carcinoma. 22 Thus, we herewith propose that increased endostatin/C18 may serve as a useful prognostic marker in patients with HCC.
In the present study, the specificity of endostatin antibodies was validated based on: (1) the distinct detection of endostatin and C18 derivatives in cell extracts of hepatoma cells ( Figure 1 ) and (2) the immunoreactivities of endostatin antibodies to different types of liver cells ( Figure 3) were consistent with previous studies. 15, 17, 19 Given the high homology in endostatin domain (approximately 93% in amino acids sequences) between The relationship between endostatin/C18 expression in nontumor tissues and disease-free survival of the HCC patients. The HCC patients were divided into three groups based on their endostatin/ C18 staining scores in nontumor tissues (score ¼ 1, 2, and 3 for low, moderate, and high, respectively). The significance between endostatin/C18 in nontumor and survival outcome of patients after surgery was analyzed by Kaplan-Meier survival analysis.
mouse and human C18, 23 it seems plausible that antibodies against mouse endostatin detected human endostatin and C18 with high specificity as presented in this study. However, we could not rule out the probable reactivities to other types of collagen in human tissues.
One major finding in this study was to identify the correlation between tissue endostatin/C18 and VEGF level during HCC progression. It may seem paradoxical because VEGF is known for its proangiogenesis function while endostatin is an angiogenesis inhibitor. However, cumulative evidences indicate that serum endostatin and VEGF level are concomitantly escalated in many types of cancer 15, [24] [25] [26] [27] [28] including HCC. 15 Assuming the serum endostatin levels reflected that in tissues, the correlation between tissue endostatin/ C18 and VEGF level in HCC samples seemed to be consistent with such an observation. However, the mechanism underlying the upregulation between endostatin and VEGF is not clear. One possibility was that endostatin/C18 was upregulated to counteract the imbalance of angiogenic stimuli near the tumor blood vessels during HCC progression. Alternatively, VEGF and endostatin/C18 expression was regulated via an uncharacterized common pathway during HCC progression. Analysis of promoter region of C18 gene may assist in shedding light on the C18 gene regulation. Recent evidences suggested that endostatin/ C18 may promote, instead of abolish, angiogenic processes. [29] [30] [31] Free, soluble endostatin was demonstrated to inhibit angiogenesis, whereas immobilized form of endostatin supports the survival and migration of endothelial cells. 29, 30 Besides, studies on C18-null mice indicated that C18 is essential for angiogenesis in the eyes. 31 Given the complexity of endostatin production and function, future studies are warranted to delineate the mechanism underlying endostatin/C18 upregulation during HCC progression.
The role of endostatin/C18 expression during liver fibrosis was controversial. C18 levels were first reported to correlate with cirrhosis in HCC specimens. 12 Moreover, in rat models of fibrogenesis, C18 expression is upregulated in chronic biliary fibrosis, but remains constant in acute fibrogenesis. 32 However, RNA array analysis did not support the correlation between endostatin/C18 levels and cirrhosis status in HCC.
14 In the present study, immunohistochemical studies indicated that endostatin/C18 levels in tumor or nontumor tissues were not relevant to the hepatic fibrosis stages in HCC tissues (Table 1) . Furthermore, qRT-PCR analysis of RNA from cirrhotic tissues failed to identify significant correlation between endostatin/C18 expression and liver cirrhosis (data not shown). In summary, increased endostatin/C18 expression is associated with advanced stages and poor prognosis in HCC patients, but not related to liver fibrosis.
